Results of the third quarter of work on the program "Investigation of Reliability Attributes and Accelerated Stress Factors of Terrestrial Solar Cells" include completing all Phase I tests except for Thermal Shock.
-----------------------
Reliability characteristics of the basic solar cells intended for terres trial application will be a key factor in determining whether national goals for solar photovoltaic power generation are met in a timely fashion.
Very little was known prior to this program concerning the nature of the time-to-failure (TTF) distributions of solar cells in terrestrial ambient conditions, the failure modes and failure mechanisms which control the TTF distributions, the appropriate methods for accelerated stress testing for reliability verification, or technology verification or the process modifi cations which might be required to upgrade reliability performance. The program reported here represents a first attempt to define these reliabil ity attributes for individual, unencapsulated terrestrial solar cell devices. The program is intended not merely to establish the base-line reliability characteristics for present state-of-the-art cells, but to also establish methodology to both permit intercomparison of available cells and permit evaluation of cell structures which will be developed in the future.
Due to the lack of information on the sensitivity of unencapsulated cells to stresses such as temperature, humidity, bias, and thermal cycling, the program was divided into two testing phases: Phase I, in which small quantities of cells are subjected to short duration or step stress test, The measurement equipment described in detail in the Second Quarterly
Report has been functioning routinely in a satisfactory fashion. Approxi mately 1500 measurements were made during the quarter.
In addition to routine before and after cell measurements, an E-cell In the process of scaling up the stress testing from Phase I-size lots to Phase II-size lots (an increase of about a factor of five) problems inherent in the present stress test jig design were uncovered. A stress test oven loaded with 150 cells is shown in Figure 4 . This shows the stress test jigs in actual use. Jigging problems were mainly of two types:
(1) stress applied to the cell tabs and tab attachment points due to the electrical connections which are made to the hanging cells by means of flexibly connected alligator clips, and (2) handling problems in loading and unloading the jigs. Loading such a large quantity of cells in a con fined space can result in dynamically stressing tabs and attachment points.
In addition, unless extreme care is taken electrical shorting of the cells can result. This results in very long cell loading times. Biased 85-C-85% R.E. to the pull tests. A total of 500 to 600 cells will thus be involved in the contact integrity tests.
Analysis of Test Population Statistics
As discussed in the Second Quarterly Report, the prestress electrical parameters of the various stress test lots were subjected to statistical analysis in an attempt to determine whether or not they constituted a ran dom sample of the total cell population obtained from each cell manufactur ers. Electrical parameters examined were Voc, Isc, Wm, Im, 14,11,17 18, 16, 13, 7, 15, 14, 14, 17, 12, 13, 18, 10 17, 12, 16, 16, 19, ll, 19 -23 order to demonstrate the fracture. Delamination of metal was typically observed to both sides of the concheidal fracture. Type Y "breaks" simply involved delamination of metal at the tab attachment point, with no frac ture of silicon. Note that it was difficult in some cases to tell whether lifted metal was due to conchoidal fracturing under the metal, or whether it was due to metal delamination. Type Z "breaks" were relatively long fractures of silicon, apparently along preferred breakage planes of the silicon slice. No conchoidal fracturing or metal delamination was observed for these breaks. Initial experiments (Phase I testing) on Types A, B, and C cells gave puzzling results. These experiments ran to 1470 cycles with no interim downtimes. Table 2 . 11 summarizes the prestress and poststress mean values of Pm for these lots. Statistical analysis indicates that the differ ences in Table 2 .11 (approximately 2%) are statistically significant.
Note that the statistical analysis does not take into account possible systematic measurement errors. Since two of the three types showed im provement in Pm after power cycling rather than degradation, the proper interpretation of these results was not clear. Large quantity (Phase II) testing is being examined closely for corroboration of these rsults. Table   2 Cell types with thick and irregular solder coatings are highly susceptible to fracturing during thermal cycle tests, whereas cells with only minimal amounts of solder for tab attachment and non-solder collector and grid metalization can survive deep thermal cycling with no apparent effect.
One type of cell has shown a consistant reduction in power output in pressure cooker tests as a result of reduced AR coating effectiveness.
Biased 85-C-85% Relative Humidity tests, contrary to expectations, do not appear to cause a reduction in electrical output and it May be that this test will be of limited usefulness as an accelerated test.
Bias-Temperature testing does cause Pm to drop on certain types of cells. This effect scales with temperature and time.
One cell type shows an improvement when subjected to power cycle testing. The power output appears to reach a maximum around 1000 cycles and then decreases. No theory for this effect has yet been put forth, but it May be possible to utilize it in some fashion to gain an improvement in cell performance. 
